INTRODUCTION

Contrast-induced nephropathy (CIN) is a common cause of acute kidney injury (AKI)
and can constitute up to 10% of hospital-acquired AKI. 1 CIN is defined as AKI after parenteral administration on radiocontrast agents in the absence of other causes. It has been associated with increased length of stay, mortality and increased healthcare costs. 2 3 Optimal volume repletion has been considered to be protective against development of CIN and prophylactic hydration has been recommended in high-risk patients. 4 Trivedi et al 5 initially showed that intravenous (IV) fluid administration is
KEY QUESTIONS
What is already known about this subject?
▸ There is conflicting evidence about the role of oral versus intravenous (IV) hydration in prevention of contrast-induced nephropathy along with a recent large randomised controlled trial showing equal efficacy with the two modalities.
What does this study add?
▸ This study adds to the available literature on oral versus IV hydration for prevention of contrast-induced nephropathy as well as evaluates a novel outcome in terms of change in serum creatinine in oral versus IV hydration.
How might this impact on clinical practice?
▸ Our meta-analysis supports that systematic oral hydration with water is as efficacious as IV hydration with saline to prevent contrast-induced nephropathy both in patients with and without chronic kidney disease. Oral hydration is cheaper and more easily administered than IV hydration, thus making it more attractive and just as effective.
superior to oral (PO) hydration in reducing the incidence of CIN. However, subsequent studies showed no such difference in the incidence of CIN with either IV or PO hydration. [6] [7] [8] Two meta-analyses by Cheungpasitporn et al 9 and Hiremath et al 10 showed no such difference in the incidence of CIN. One large randomised controlled trial (RCT) has been recently published. 11 In order to synthesise the newly available literature and to assess the impact of incorporating newer data, we performed an updated systematic review and quantitative meta-analysis of RCTs to assess the efficacy of PO hydration compared with IV hydration for CIN prevention.
MATERIALS AND METHODS Study selection
This meta-analysis was designed in accordance with the principles set by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) checklist. 12 We conducted a comprehensive literature search in MEDLINE, PubMed, EMBASE and the Cochrane Central register of controlled trials (CENTRAL), using the terms "oral" "intravenous" "hydration" and "contrast induced nephropathy." There were no limitations applied for the search criteria. References from original and review articles were hand-searched for additional studies.
Two authors (SKA and GNN) independently reviewed all identified publications and abstracts for analysis based on predetermined inclusion criteria. These inclusion criteria were (1) randomised clinical trials; (2) head-to-head comparison between PO and IV hydration; (3) outcomes of interest included development of CIN or change in creatinine and (4) no additional treatments in either arm. Studies were retrieved and references were reviewed using the title and abstract for their relevance. After the initial screening step, studies that met the inclusion criteria were retrieved in full and included in the analysis if they met the inclusion criteria. Conflicts were resolved by consensus and the help of a third reviewer (AMB).
The primary outcome of the study was to determine the efficacy of PO hydration in preventing CIN in comparison to IV hydration. Secondary outcomes included changes in creatinine at 48-72 h of contrast exposure and the requirement for renal replacement therapy.
Data extraction
Information regarding study characteristics, demographics, publication year, patient characteristics, type of procedure, contrast type and volume, PO and IV hydration regimen, and clinical outcomes including CIN and creatinine level after 48-72 h of the index procedure was recorded in a standardised Microsoft Excel sheet. We also collected information on the randomisation method, allocation concealment and blinding.
Assessment of study quality Two authors (SKA and IK) independently assessed the quality and the risk of bias of the included trials with the Cochrane collaboration tool for the risk of bias. 13 The summary of the risk of bias assessment is presented in figure 1 . Analysis of the funnel plot revealed no significant publication bias (figure 2).
Statistical analysis
We used relative risk (RR) and risk difference (RD) with 95% CIs as the metric of choice for categorical outcomes and continuous outcomes (rise in serum creatinine) were evaluated using standardised mean difference. Categorical variables were reported as percentages and continuous variables as mean±SD. Weighted means were used for the pooled estimates of continuous variables. To assess heterogeneity across trials, we used the I 2 statistic as proposed by Higgins and Thompson. 14 Based on the I 2 statistic, values of 25%, 50% and 75% were considered as yielding low, moderate and high heterogeneity, respectively. 14 15 Results were considered statistically significant at p<0.05. A funnel plot and the adjusted rank correlation test were used to assess for publication bias with respect to the primary outcome of interest. Begg's test and the weighted regression test of Egger et al 16 ( p<0.05) were also used to assess publication bias. Potential heterogeneity in estimates of effect of PO versus IV hydration use across studies was explored via random-effects meta-regression analysis using the method of residual maximum likelihood (REML) to estimate the additive (between-study) component of variance (τ2) and the proportion of between-study variance was explained with Knapp-Hartung modification. Statistical analyses were performed using Revman software V.5.2.0 and STATA, V.12, College Station, Texas, USA.
RESULTS
We obtained a total of 306 studies from the initial search and an additional 2 studies were identified through references and other sources; 160 duplicates and 139 studies which did not meet the inclusion criteria were excluded after reviewing titles and abstracts. We reviewed the full text of nine publications and five were included in the final analysis. The complete flow sheet is shown in figure 3 .
Characteristics of the studies are summarised in tables 1 and 2. Overall, the quality of the studies is low mainly due to the lack of blinding of the treatment and outcomes group (figure 1). We included 477 participants with a mean age of 64.1 (±10.4) years. Among them, 69.6% were males, 42.3% were diabetic and 63.7% had chronic kidney disease (CKD) in the analysis. Of these, 222 received IV hydration and 255 received PO hydration. The weighted mean baseline creatinine in the IV and PO arms was 1.6 and 1.5 mg/dL, respectively ( p=not significant). The weighted average volume of contrast used during the procedure was 134.6 and 129.7 mL in the IV and PO arms, respectively.
The incidence of CIN was 7.7% and 8.2% in the IV and PO arms, respectively, with a pooled RR of 0.97 (95% CI 0.36 to 2.94), which was not statistically significant ( p=0.95; I 2 =48%) (figure 4). In view of the moderate heterogeneity, we conducted a subgroup analysis to examine the incidence of CIN separately in patients with CKD and normal kidney function and there was no statistical difference on either groups (figure 4). Among these, four studies with 324 patients were conducted exclusively in patients undergoing coronary procedures and there was no significant difference in the incidence of CIN in the IV versus PO arm (8.2% vs 9.6%, respectively; RR 1.12; 95% CI 0.27 to 4.8; p=0.8; I 2 =60%). Three studies with 275 participants reported changes in serum creatinine at 48-72 h. Patients receiving PO hydration had a statistically significant lower rise in serum creatinine compared with the IV hydration group with a pooled standard mean difference (SMD) of 0.04, (95% CI 0.03 to 0.06; p<0.001; I 2 =62%) (figure 5). Four studies with 428 participants reported the requirement of dialysis and no patients in either arm required dialysis after the index procedure. There appears to be no heterogeneity across studies evaluating PO versus IV hydration with respect to specific characteristics included in the meta-regression (table 3) . No publication bias was found in this analysis with a bias coefficient of 0.97 (95% CI −10.59 to 12.53; p=0.8) (figure 2).
DISCUSSION
This meta-analysis of the RCTs demonstrates that hydration with PO fluids is as effective as hydration with IV fluids in prevention of CIN. This is important since administration of IV fluids requires hospitalisation that is economically burdensome, whereas taking PO fluids can be done at home. PO hydration is currently more relevant since most of the procedures using radiocontrast, such as CT, cardiac catheterisations, percutaneous coronary interventions and other vascular procedures by interventional radiology, are conducted on an outpatient basis. 17 CKD is an important risk factor for CIN; 18 nevertheless, this analysis shows that PO hydration is at least as effective as IV hydration in patients with both CKD and normal kidney function.
There were three trials, one with patients with CKD 8 and two with normal kidney function, 5 11 which reported change in serum creatinine and were conducted exclusively on patients undergoing a coronary angiogram. These trials have shown that there was a significantly lower rise in serum creatinine in the PO hydration group compared with the IV hydration group. However, there was a significant heterogeneity among the trials and the results need to be interpreted with caution. There were insufficient data to perform a meta-regression analysis to explore the heterogeneity on the level of the reported rise in serum creatinine results in regard to baseline gender and the use of renin-angiotensin-aldosterone system (RAAS) blockade and diuretics. However, a meta-regression of these three studies including the baseline characteristics of age, history of type 2 diabetes mellitus, baseline serum creatinine and contrast volume showed no heterogeneity ( p>0.05). None of the patients required dialysis in either arm among the four trials reporting data on this outcome. 5 6 8 11 However, some studies presented data on the length of hospitalisation. Cho et al 7 reported no significant difference in length of hospitalisation (4.1 days in the IV arm vs 5.6 days in the PO arm).
Trivedi et al
5 did not report the length of hospitalisation but reported that one patient in the IV arm and three patients in the PO arm had extended hospital stay due to CIN.
The incidence of CIN in our study population is 8%, which is higher than the reported incidence of <2% in the general population but in high-risk populations with congestive heart failure, CKD, diabetes mellitus and anaemia, its incidence has been reported up to 20-30%. 3 Our study population was at a relatively increased risk compared with the general population with 42.3% with diabetes and 63.7% with CKD who are at a higher risk than the population without diabetes and normal kidney function. 18 The incidence of CIN among the patients with normal renal function was 9.8% and was especially high in the PO hydration arm (13.2%) which is probably skewed by the results from Trivedi et al. The reported incidence of CIN in the study was 18.9% with 34.6% in the PO hydration arm and 3.7% in the IV hydration arm. Incidentally, this is the only study included in the analysis to suggest that IV hydration is more effective than PO hydration. 5 Trivedi et al acknowledge that the incidence of CIN in their study is higher than the reported incidence and the authors attribute it to sicker study population with 39-48% of patients had acute myocardial infarction and 42-52% were admitted to intensive care unit. The PO hydration arm had unrestricted fluid access; however, the amount consumed was not recorded, so it is plausible that this group was not adequately hydrated, contributing to a higher incidence of CIN in this group. Even though there was no statistical significant difference in baseline serum creatinine between both arms, the PO arm had a higher baseline serum creatinine and wider range of distribution (1.27±0. 37) compared with the IV arm (1.14±0.24) which could have contributed towards the higher incidence of CIN. Furthermore, the initial results could have occurred by chance in the interim analysis which may not have persisted if the trial was not terminated prematurely only after the enrolment of one-third of the expected study population. Isotonic normal saline is known to be more protective in the prevention of CIN than an equivalent amount of hypotonic saline, 19 and all the trials in our analysis used normal saline for IV hydration but different regimens. Cho et al 7 administered a bolus of IV normal saline solution over 1 h prior to contrast administration, while others used a continuous regimen of IV fluids beginning 6 h 6 8 or 12 h 5 11 prior to the procedure. The PO hydration protocol varied greatly, with no two trials having a similar PO regimen. Except for Trivedi et al, 5 who recommended unrestricted PO fluids, all other trials had prespecified outpatient PO regimens. Dussol et al 6 used salt tablets (1 g/10 kg of body weight/day) for 48 h before procedure; Wrobel et al 8 administered mineral water (1 mL/kg/h) starting 6-12 h before, during and 12 h after procedure while Cho et al 7 recommended at least 1100 mL of regular water with 500 mL 4 h prior to and 600 mL after the procedure; and Kong et al 11 recommended 2000 or 2500 mL of water with at least 2000 mL of hydration postprocedure (table 1) .
Comparison with other meta-analysis There were two meta-analyses published so far which included six trials. 9 10 Our study is more representative of a comparison of PO and IV hydration regimens since we excluded two trials as they did not meet our inclusion criteria, as the patients received additional treatments along with hydration but were included in the prior analyses. PREPARED trial 20 was excluded as the PO hydration arm received additional IV hydration with half normal saline and RCT by Lawlor et al 21 was excluded since they administered N-acetyl cysteine in addition to the hydration regimen. One additional randomised trial has been published since the prior meta-analysis. 11 We have also performed the subgroup analysis of patients with normal kidney function and CKD at enrolment and calculated the SMD for change in creatinine along with a meta-regression to study the heterogeneity across the studies.
Hydration in general has been accepted as the cornerstone to prevent CIN; however, there is no consensus regarding the mode of administration. As illustrated in ours and prior meta-analyses, PO fluids are as effective as IV fluids. However, the data is based on only a few small studies with some inherent bias which is limiting their ability to change the practice. Hence, larger multicentre and higher quality randomised clinical trials are necessary to change the practice. In modern medicine, with an evolving number of diagnostic studies that depend on iodinated contrast along with an increasing number of complex high-risk patients, CIN is becoming a common cause of iatrogenic harm, so much so that even small improvements would lead to large reductions in CIN and thus better patient care. Similarly, costs of hospitalisations, nursing care and IV medication are increasing and since PO hydration has similar efficacy to IV fluids in preventing CIN, its wide-spread acceptance will have a greater impact on procedural costs.
Limitations
As with any meta-analysis, conclusions drawn are subject to the limitations of the original studies. Patient-level data were not available precluding subgroup analysis and the use of metaregression to evaluate the heterogeneity in baseline characteristics across the studies is not perfect and only tells us that the trend seen in outcome was irrespective statistically from the variance noted in the baseline characteristics. The evidence is based on a small number of clinical trials and patients with stages 4 and 5 CKD and left ventricular systolic dysfunction were not represented, making it less applicable to these groups. PO and IV hydration regimens were too diverse to make specific recommendations. There was significant heterogeneity among the trial, especially in calculating the SMD for change in creatinine, which was hard to explore due to the limited number of studies and reported baseline characteristics. The trials included in the analysis are of low-to-moderate quality.
CONCLUSIONS
Prophylaxis with PO hydration is at least as effective as IV hydration in preventing CIN in patients with both CKD and normal kidney function. PO hydration is cheaper and more easily administered than IV hydration, and might be more acceptable to the patients and cost-effective.
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